Purpose: Computed tomography (CT) is the gold standard imaging modality for the diagnosis and follow-up of urolithiasis. Before the use of CT, intravenous urography (IVU) was the imaging modality of choice. CT remains contentious because of the cancer risk related to radiation exposure above a threshold level. We aimed to compare the radiation exposure dose to the average patient with urolithiasis in the era of CT with that of IVU. Materials and Methods: Our hospital medical records database was searched for patients who presented to the Emergency Department over a 1-month period in 1990 with a diagnosis of renal colic. Patients with the same presentation, from the same month, in 2013 were also identified. A total of 14 patients from each year fulfilled the inclusion criteria. The estimated effective radiation exposure dose for each patient was calculated by using data from population-based studies. Results: The median effective radiation dose per patient in the 1990 group, for initial diagnosis and subsequent follow-up, was 4.05 mSv (interquartile range [IQR], 3.7-4.4 mSv). The corresponding median dose in the 2013 group was 4.2 mSv (IQR, 4.2-4.9 mSv), and there was no evidence of a statistical difference between the groups (p=0.8). Conclusions: Despite the contentiousness related to the use of serial CT scanning, our study demonstrated that for radiological investigation and follow-up of urolithiasis, the estimated effective radiation exposure dose to each patient is only marginally higher than in the era of IVU, with improvements in length of hospital stay and time to definitive diagnosis.
INTRODUCTION
Noncontrast abdominal computed tomography (CTKUB) is the gold standard imaging modality in the diagnosis and follow-up of urolithiasis [1] . Prior to the use of computed tomography (CT), intravenous urography (IVU) was the http://dx.doi.org/10.4111/icu.2016.57. 2.113 unacceptably high doses of radiation, largely as a result of a combination of "over scanning" and failing to appropriately utilize alternative imaging modalities.
Although technological advances and further understanding of radiation physics have led to reductions in patient radiation dose exposure per CT series, the widespread use of serial CT scanning f or urolithiasis remains contentious because of the cancer risk related to radiation exposure above a threshold level [4] . We sought to quantify the approximate radiation exposure dose that the average patient received following presentation to our hospital with renal colic in the era of widespread helical CT scanning and to compare this with the radiation exposure dose a patient received in the era of IVU. We then reviewed the current literature on this topic.
MATERIALS AND METHODS
Using our institutional medical records database, we searched for all patients who presented to the Emergency Department of our hospital over an arbitrarily chosen 1-month period (March) in 1990 with a diagnosis of presumed renal colic and were subsequently investigated. All patients who had a final diagnosis of renal colic from the Emergency Department were included, regardless of how this diagnosis was made. We repeated the search f or patients who presented to the emergency department in March 2013. The acquisition of these data, and their subsequent analysis, did not require Human Research Ethics Committee (HREC) review on the basis that the project was categorized as a quality activity in accordance with the definition of research outlined in the Australian National Statement. An HREC number was provided for publication purposes (HREC/15/ QGC/221).
A total of 14 patients were identified from March 1990 and 14 patients were identified from March 2013. The imaging at presentation and any other follow-up imaging of these patients was reviewed. We noted the time to definitive diagnosis, length of hospital stay, interventions required if any, and any adverse events associated with this presentation. We also noted the length of follow-up of each episode of stone disease. The estimated effective radiation dose exposure for each patient was calculated by using data from population-based studies. The assumed effective radiation doses for each individual CT, IVU, and plain abdominal X-ray (XRKUB) were 3.5, 3, and 0.7 mSv, respectively [5, 6] .
We compared the effective radiation dose between the 2 cohorts by using the nonparametric Wilcoxon rank sum test owing to the inherent discontinuities in the dose variable caused by the discrete values of radiation f rom each imaging modality. Medians and interquartile ranges (IQRs) for dose are reported. Mean values for number of follow-up imaging episodes were reported instead of median values because noninteger values were considered more illustrative. Analysis was performed by using Stata 12.0 (StataCorp LP., College Station, TX, USA).
RESULTS
The median effective radiation dose per patient in the 1990 group, for initial diagnosis and subsequent follow-up, was 4.05 mSv (IQR, 3.7-4.4 mSv). The corresponding median dose in the 2013 group was 4.2 mSv (IQR, 4.2-4.9 mSv), and no evidence of a statistical difference was observed between the groups (p=0.8).
The majority of patients in the 1990 cohort (79%) received an XRKUB on first presentation to the hospital in contrast with the 2013 cohort in which 43% received an XRKUB at presentation.
There was weak evidence (p=0.14) suggesting a higher radiation exposure from imaging at initial presentation in the 2013 cohort (median, 3.5 mSv; IQR, 3.5-4.2 mSv) versus the 1990 patients (median, 3.35 mSv; IQR, 0.7-3.7 mSv). This higher radiation exposure was accounted for by a proportionally higher number of higher-dose imaging modalities (CTKUB in 2013 or IVP in 1990) being performed in the 2013 group. For example, 93% of patients in the 2013 cohort had a CTKUB series at initial presentation and only 64% of patients in the 1990 cohort had an IVP at initial presentation. In the balance of 1990 cases, diagnosis was alternatively made on clinical history in lieu of IVP imaging or based on positive plain film findings. For the patients in 1990 who had an IVP at initial visit, there was a delay to receiving this imaging, and thus definitive diagnosis, that ranged from 0 to 3 days (mean, 0.93 days).
In the 2013 group, 57% of patients had a CTKUB as a first-line investigation in the absence of any prior plain film imaging. A total of 36% had a concomitant XRKUB and one patient (23-year-old male) in the 2013 group had a renal tract ultrasound for diagnosis. Unlike in the 1990 group, there was no delay to definitive diagnostic imaging in 2013. Diagnosis of urolithiasis in all patients in this group was made within the emergency department and did not exceed 24 hours in any case. All patients in the 2013 cohort who underwent CT scanning had a noncontrast CT. No patient had helical imaging that involved multiple phases or contrast media.
Follow-up imaging was more common in the 1990 cohort than in the 2013 cohort (mean: 1.71 vs. 1.36 follow-up imaging episodes per patient). Furthermore, a higher radiation dose follow-up scan (CTKUB or IVP) was more likely in the 1990 cohort (mean: 0.43 vs. 0.14 imaging episodes per patient), although neither difference reached conventional significance. The study findings are summarized in Table 1 .
DISCUSSION
The patients in this series did not appear to receive greater radiation dosages contemporaneously in the management of urolithiasis than they did in 1990, despite the now widespread use of noncontrast helical CT scanning. This observation should allay some concerns about the potential for current best-practice management of urolithiasis to result in future complications related to radiation exposure. These data do suggest, however, that contemporary imaging practices tend to deliver slightly higher radiation doses in the initial assessment and diagnosis of urolithiasis. The earlier higher radiation burden in the 2013 cohort did appear to be associated with fewer follow-up images. This may reflect the ability of higher-sensitivity imaging, in the form of CTKUB, to more accurately guide follow-up and management of urolithiasis compared with plain film imaging. Cumulative radiation exposure in the 1990 cohort, although similar to the 2013 cohort, tended to be focused more in the follow-up period.
The authors acknowledge the innate limitations of this study given the small study population. It was not our intention, however, to make a precise and definitive measure of the difference in radiation exposure between the 2 cohorts but rather to highlight whether there was a large disparity between the groups, because this is the view of many clinicians and nonclinicians.
Multiple publications have addressed cancer risk related to radiation exposure from radiological procedures and investigations [7, 8] . Data from population-based studies collected from victims of nuclear disasters would suggest that an effective radiation dose of 50 to 200 mSv is linked to an increased risk of various malignancies [9] . Evidence of carcinogenicity with effective radiation doses at these levels has led to paradigm shifts in the management of certain malignancies, such as stages I and IIa testicular seminoma, where there has been a decline in the use of routine radiation therapy in favor of chemotherapy alone following surgery [10, 11] . Evidence of carcinogenicity for effective doses between 10 and 50 mSv is less definitive, however [12] . The estimated average yearly radiation exposure dose from background radiation in Australia, the United Kingdom, and the United States is 2, 2.7, and 3 mSv, respectively [13, 14] .
The annual permitted occupational radiation dose exposures in Europe and the United States are 20 mSv and 50 mSv, respectively [15, 16] . In both the contemporary and the historic renal stone evaluation cohorts we reviewed, no patient in either group reached radiation exposure doses approximating these levels.
The perception of increased radiation dosages related to contemporary CT-based imaging practices has been widely publicized and reviewed [17, 18] . Studies have suggested that some medical practitioners have suboptimal knowledge of the radiation exposure related to various investigations and of the consequent associated cumulative patient risk [19, 20] . This may lead to over-utilization of CT as an imaging modality. The clinical indication for serial scanning has been appropriately questioned. It has also been noted that many publications on this topic suggesting an overuse of CT were authored by nonclinicians, which therefore calls into question whether data on "unjustified" scans are indeed accurate [21] .
It appears also that many of the studies discussing the potential over-utilization of CT and the resultant increased cancer risk to patients were population-based studies where all sources of referral were captured [22, 23] . These studies therefore contain data where abdominal CT scans, for example, are ordered in an emergency department setting as a "catchall" approach to the investigation of acute abdominal pain. Many of the CTs in these studies include contrast-enhanced multiphase scans with the resultant increased radiation exposure dose to the patient. It is debatable whether conclusions drawn from these studies are directly applicable to the investigation of urolithiasis in a urology department, where imaging is most often ordered by a urologist for a clear stone-related indication. The use of magnetic resonance imaging (MRI) has been proposed as an alternative to CT for the investigation of many conditions as a way of avoiding the risk of malignancy related to CT scanning. Although MRI does have applicability as an alternative to CT in certain clinical contexts, such as ureteric calculi in pregnant women, it has not been found to be equivocal in the diagnosis and follow-up of urolithiasis, and for this reason has not been adopted routinely [24] . Renal tract ultrasound can play a major role in the diagnosis and follow-up of urolithiasis and has also been suggested as the initial imaging modality in certain clinical contexts [25] . The combination of renal tract ultrasound and XRKUB has been suggested as an option for follow-up of radio-opaque ureteric calculi. It has been shown that a normal renal tract ultrasound, without evidence of hydronephrosis, as an initial investigation in the setting of ureteric calculi is related to a high rate of success with conservative management [26] . The use of renal tract ultrasound in this context may negate the need for crosssectional imaging and the resultant radiation exposure.
However, renal tract ultrasound can overestimate the size of renal and ureteric calculi in up to 87% of cases, particularly for calculi less than 5 mm in size. This may lead to inappropriately high rates of urological intervention for smaller stones. It has also been shown that skin-to-stone distances are discordant between renal tract ultrasound and CT, making ultrasound less appropriate for planning prior to extracorporeal shockwave lithotripsy and percutaneous nephrolithotomy [27] . The 2014 European Association of Urology Guidelines state that contrast-enhanced CT is recommended in the planning of urological intervention if the anatomy of the renal collecting system needs to be assessed.
Newer imaging formats such as low-dose CT protocols can now achieve high-quality imaging with ef fective radiation doses as low as 0.5 mSv, which is similar to that of an XRKUB [28] . Technological advances, such as dualenergy CT with split bolus contrast means that "virtual" noncontrast and contrast-enhanced imaging can also be generated from a single scan with high sensitivity, thus reducing the radiation exposure dose to the patient while gleaning significant information about stone burden and renal collecting system anatomy [29] . Such techniques may serve to further reduce radiation dosages in future.
Although the sensitivity of CT has been shown to be superior to other imaging modalities such as renal tract ultrasound for visualization of renal tract calculi, its superiority in terms of improved clinical outcomes has not been proven in a large-scale comparative effectiveness trial. The Study of Tomography of Nephrolithiasis Evaluation is such a study in progress [30] . The results of this trial should assist urologists in choosing the most appropriate imaging modality in the management of urolithiasis in the future.
CONCLUSIONS
Despite the contentiousness related to the use of serial CT scanning, our study has demonstrated that for radiological investigation and follow-up of urolithiasis, in a single urology unit, the average estimated effective radiation exposure dose to each patient is only marginally higher than in the era of IVU, with improvements in length of hospital stay and time to definitive diagnosis. With continuing improvements in technology, the effective radiation dose from abdominal CT is likely to be reduced even further. In combination with the judicious use of CT scanning for appropriate clinical indications, this also should permit safe levels of radiation exposure in the management of urolithiasis in the future. 
EDITORIAL COMMENT
This article compared the amount and frequency of radiation exposure of patients between the year 1990 and 2013 during diagnostic procedures due to the change in imaging equipment. Considering the rise in interest of the safety issues concerning over-exposure of radiation, this paper merits further consideration.
Though it is difficult to draw a definitive conclusion due to the small case numbers, the authors were unable to show that there was a clear disparity in radiation exposure between the 2 groups. Simple comparison may show that patients undergoing computed tomography (CT) scans are exposed to higher amounts of radiation than intravenous urography (IVU). However CT scans allow faster diagnosis and requires less concurrent studies and thus the overall exposure is not very different. I believe this the message that the authors wish to present to the readers. If possible, remarks on the composition of stones that were examined are advised.
The authors mention in their manuscript that the radiation exposure during CT scans were approximately 3.5 mSV, which is probably a protocol for low dose CT scans. The amount of radiation exposure for traditional renal stone protocol is approximately 9-16 mSV which is considerably higher [1] . Many patients will likely have recurrences and will need additional scans, adding to radiation exposure. A study on the frequency of CT scans reports that patients with acute stone episodes will require an average of 1.7 CT scans within the following year [2] .
The diagnostic imaging method the authors used for comparison in 1990 was in fact an IVU. The IVU is a relatively invasive procedure with risks concerning complication due to contrast. The IVU is also slow in diagnosis and is currently no longer used in practice.
No studies have yet reported the effects of continuous low dose radiation exposure, but due to advancement of diagnostic imaging tools, the amount of radiation exposure is increasing. It has been reported in the United States there has been a 600% (from 0.54 to 3.0) increase in radiation exposure from medical sources per capita from the year 1982 to 2006 [3] . This concern is augmented in ureter stone patients where radiation is frequently used during diagnosis, treatment and follow-up. Considering the high rate of recurrence in ureter stones, urologists should always be concerned of the risk of overexposure in their patients and try to minimize the amount of radiation during procedures. Recent studies on low dose (3 mSv), and ultra-low dose (1-2 mSv) CT scans show that even with low amounts of radiation, stones larger than 3 mm in patients with body mass index less than 30 can be detected with comparable sensitivity and specificity to standard CT scans [4] [5] [6] . Fluoroscopy used during percutaneous nephrolithotomy, ureteroscopy or extracorporeal shock-wave lithotripsy is also a major source of medical radiation and should follow the "as low as reasonably achievable" principle whenever possible during procedures to lessen the chance of radiation exposure.
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